Electrochemical analysis has excellent features of easy and rapid detection and sufficient sensitivity for trace metals. 5 In particular, differential pulse anodic stripping voltammetry (DPASV) has been recognized as an effective technique for the determination of metal ions at trace levels because of its sensitivity. 6 Many kinds of electrode materials such as carbon, platinum, gold, and mercury have been used for DPASV. 6 The surface modification of electrodes has been performed to improve their sensitivity and selectivity for the detection of Pb at the trace level. [7] [8] [9] Carbon paste has the advantages of a wide potential window for preparing transient metal ions, and it is one of the most convenient electrode materials for the preparing modified electrodes. 10 The modification of carbon paste for accumulating analytes has been commonly used with clay, zeolite, and ion exchange resin. 10 Iminodiacetate resin (IDA) which consists of a polystyrene polymer with iminodiacetate groups is commonly used to accumulate trace elements from environmental water samples. [11] [12] [13] [14] [15] [16] [17] Carbon-paste electrodes modified with IDA resin have been used in the determination and speciation of Cu and Pb in water samples measured by the voltammetric technique. 18, 19 Although modifying a CP electrode may lead to improvements of the sensitivity and selectivity, there is still a severe problem of interferences from concomitant metallic ions for precise determination. In fact, the concentrations of Pb in environmental water samples are often 1 -2 orders lower than that of Cu, Zn, and Ni. [20] [21] [22] A severe depression of the electrochemical response of Pb is caused by these interfering ions because their intermetallic compounds formed on the surface of the electrode during electrochemical deposition. 23 In this work, we proposed a new multielement masking method that consists of a Mg hydroxide coprecipitation method. Lead is an amphoteric element, which exists as an anionic form (PbO2 2-) at more than pH 12. 24 The PbO2 2-tends to exist in an aqueous phase, and is hardly recovered by coprecipitation. 25 On the other hand, these interfering transient metals form hydroxides that are likely to associate with the hydroxide as a coprecipitant. 25 The magnesium hydroxide coprecipitation method is often used for the preconcentration of environmental water and common salt samples. [25] [26] [27] Sodium hydroxide as an alkaline agent is only added to an analytical sample containing more than 10 mg kg -1 Mg 2+ to form Mg(OH)2. 25 The aim of this work was to check the recovery of Pb and the removal efficiency of interfering ions from an analytical sample solution in the multielement masking method. Also, the multielement masking method was applied for the determination of Pb in a natural water sample by the DPASV technique using an IDA-CP electrode.
Experimental

Reagents
Metal standard solutions were prepared by commercial standard solutions (1000 μg dm -3 ) of each element for atomic absorption spectrometry, purchased from Kanto Chemicals and Wako Chemicals Co. Ltd. (Japan). An Ultrapur Grade 3 mol dm -3 NaOH solution from Kanto Chemicals was used in the multilelement masking experiment. Iminodiacetate resin (IDA resin) as the Na + form was purchased from Muromachi Technos Co. Ltd. (Japan). All of the other reagents were of analytical grade. A Mg 2+ solution for the coprecipitation carrier was prepared from a Mg standard solution (1000 mg dm -3 , atomic adsorption spectrometry grade; Kanto Chemicals). Purified water used throughout the present experiment was obtained from a Milli-Q purification system (Nihon Millipore Kogyo, Tokyo).
Instruments
All of the electroanalytical experiments were performed using a potentiostat BAS-CV50W (Bioanalytical Systems, USA) equipped with a three-electrode system. The working electrode was an IDA-CP electrode. The counter-electrode was a platinum wire, and an Ag/AgCl electrode served as a reference. All of the potentials were referred to the Ag/AgCl electrode. The working electrodes were prepared by thoroughly mixing carbon paste oil base (BAS Inc., Tokyo) and the IDA resin until obtaining a uniformly wetted paste. The paste was then packed into the cavity of a carbon paste disk electrode (3 mm i.d., BAS Inc., Tokyo). The surface of the electrode was carefully polished on a weighing paper to remove any excess paste from the electrode. All of the measurements were carried out in a plastic cell at room temperature. Inductively coupled plasma mass spectrometry (ICP-MS, ICPM-8500, Shimadzu, Japan) was partly used to check the concentrations of Pb and interfering ions in a study of multielement masking.
Procedure of the multielement masking method
The multielement masking method was performed with the following procedure, which was schemed based on the condition used in the conventional Mg hydroxide coprecipitation. 25 First, 15 g of a sample solution containing Pb, Mg as a coprecipitant, and interfering ions were taken in a plastic tube. If the Mg 2+ concentration in the sample was less than 5 mg kg -1 , Mg 2+ had to be added to be 10 mg kg -1 of its concentration in order to generate a Mg(OH)2 precipitate. After 1.5 g of 3 mol dm -3 NaOH solution was added into the solution, the sample solution was filtered through a 0.45 μm syringe filter. The pH of the filtrate was adjusted to 6.0 by adding 0.12 g of conc. HNO3, 0.06 g of acetic acid and 4.5 g of 1 mol dm -3 acetate-ammonium buffer (pH 6.0). This solution was used for electrochemical analysis.
The masking procedure was completed within 5 min per 1 sample. The concentrations of Pb and interfering ions after multielement masking treatment were checked by ICP-MS. The analysis solution for ICP-MS was prepared to be 2 mol l -1 HNO3 with 10 μg kg -1 In, Re, and Tl as internal standard elements. The analytical condition of the ICP-MS was referred to a previous report. 28 
Electrochemical analysis
Electrochemical analysis was performed with the following procedure, which was partly referred to a conventional method using IDA-CP electrodes. 18 As a start, Pb 2+ in an analytical sample adjusted at pH 6.0 was accumulated to IDA groups into the CP electrode. At that time, the electrode was rotated at 1500 rpm under an open circuit for 30 min into the sample. Next, the electrode was transferred to another voltammetric cell. The electrode was immersed into a metal-free pH 3.0 acetateammonium buffer solution containing 0.1 mol dm -3 NaNO3 as an electrolyte, and then measured by DPASV. The DPASV condition was described as follows. Differential pulse anodic stripping voltammograms were recorded from -1100 to 100 mV at a 20 mV s -1 scan rate, 50 mV pulse height, and 0.2 s pulse period after the electrochemical deposition of Pb for 30 s at -1100 mV. After the measurement, the electrode was washed by pure water and immersed into a 0.1 mol kg -1 HCl solution for 30 min under an open circuit to remove the accumulated Pb on the surface for its reuse. After that, the electrode was washed by pure water and used in the next measurement term.
Results and Discussion
Elimination of interferences from other metal ions by multielement masking
The Pb-containing sample was measured at an IDA-CP electrode. Figure 1 shows DPAS voltammograms for a pH 3.0 acetate buffer solution with 0.1 mol kg -1 NaCl after the electrode was immersed into a 100 μg kg -1 Pb solution (pH 6.0). The oxidation peak is seen at about -500 mV vs. Ag/AgCl. The peak at -500 mV originated from an oxidation reaction that corresponds to Pb 0 deposited on the surface of the electrode to Pb 2+ with a positive scan. In order to estimate the interfering effect from each interfering ion on the Pb response, the current response of 100 μg kg -1 Pb was measured in both the presence and absence of 100 μg kg -1 and 1000 μg kg -1 other metallic ions. The Pb current ratios are given in Table 1 compounds between Pb and some transient metals are formed by an electrochemical deposition process. 6, 29 In particular, it is known that Cu 2+ has exhibited severe interferences due to the formation of Pb-Cu alloys. Consequently, these results were attributed to competitive complex formations to the IDA group in the preconcentration step and to the formation of alloys in the deposition process from Pb 2+ to Pb 0 in the DPASV. Therefore, these interferences needed to be minimized in order to achieve a precise and sensitive analysis.
After preconcentration in a sample solution containing 100 μg kg -1 Pb 2+ and 8 interfering ions (Al 3+ , Cd 2+ , Co 2+ , Cu 2+ , Fe 3+ , Mn 2+ , Ni 2+ , and Zn 2+ ) to be 100 μg kg -1 of each concentration, DPASV was carried out. A DPAS voltammogram is shown in Fig. 2 . A large interfering response was observed below -500 mV of the potential, and the Pb response was significantly decreased. An interfering current was generated from the oxidative reactions of Zn 2+ /Zn 0 (-990 mV; E 0 vs. Ag/AgCl), Cd 2+ /Cd 0 (-630 mV) and Co 2+ /Co 0 (-540 mV).
We thus tried to apply a Mg hydroxide coprecipitation method to the masking for removing interfering ions simultaneously and multielementaly. The sample solution contained 100 μg kg -1 Pb 2+ and 8 interfering ions to be 100 μg kg -1 of each concentration. After preconcentration in a solution treated by the multielement masking, DPASV was carried out. As can be seen in Fig. 2 , the peak for Pb at -500 mV and the flat baseline were obviously observed. Since the voltammogram shape of Pb 2+ with multielement masking was similar to that shown in Fig. 1 , the interferences could be almost eliminated from the Pb response. The removal efficiencies of 8 interfering ions were evaluated from the differences of their concentration between before and after the multielement masking treatment. The recovery of Pb and the removal efficiencies of the interfering ions are given in Table 2 . In Table 2 , the recovery of Pb is over 95% and its reproducibility is lower than the relative standard deviation (RSD), 5%. Therefore, Pb was completely recovered from the sample solution to the analytical solution, and the removal efficiencies of all interfering ions, except for Al and Zn were 100%. After the Cd, Co, Cu, Fe, Mn, and Ni were associated with Mg(OH)2, they were almost all removed by filtration. However, Al and Zn had low removal efficiencies. Since Al and Zn are also amphoteric elements, they may exist as AlO2 -and ZnO2 2-, which are likely to be in the solution phase. 27 It is thus hard to separate Al and Zn ions from the analytical solution through the Mg hydroxide coprecipitation process. Also, the removal efficiencies of Mn and Cd became lower in the presence of 1000 μg kg -1 of the interfering ions, since the concentration exceeded the removal capacity possessed by Mg(OH)2.
The effect of different Pb concentrations in the range between 30 and 150 μg kg -1 on the recovery in the multielement masking was investigated. The recoveries of Pb were almost 100% in the whole concentration range. Their RSDs were less than 10%.
After multielement masking was applied to a mixture solution containing various concentrations of Pb (10, 50, 100, 500, 1000 μg l -1 ) and 100 μg kg -1 of the 8 interfering ions, the solution was measured by DPASV with an IDA-CP electrode. As a result, a linear regression of the calibration curve ranging from 10 to 1000 μg kg -1 for Pb could be obtained (r = 0.998). The sensitivity of this method (10 μg kg -1 ) was similar to those of the determination methods reported in previous papers according to the use of a modifier containing a carbon-paste electrode. 7, 23 Consequently, Pb was quantitatively recovered among the wide range of concentrations, and the interferences were eliminated.
Determination of Pb in a natural water-certified reference material
This multielement masking method and an electrochemical measurement with an IDA-CP electrode were applied to the determination of Pb in a natural water standard reference material (SRM) No. 1640, issued by National Institute of Standard and Technology (USA). The determined value with the IDA-CP electrode was obtained by the standard addition methods. The additive concentration in the standard addition method was adjusted to 1 -4 fold concentration of Pb based on the certified value (27.89 ± 0.14 μg kg -1 ) of Pb in the SRM NIST 1640 sample. Since this natural water reference material contains 8 mg kg and 100 µg kg -1 or 1000 µg kg -1 of interfering ions. b. The recoveries of Pb were estimated from four repeated analyses with multielement masking and ICP-MS measurements. c. The removal efficiencies were estimated from four repeated analyses with multielement masking and ICP-MS measurements and expressed as percentage of the decrease in the concentration of the interfering ion through the masking treatment. sample was required for Mg hydroxide coprecipitation. The analytical results and the recoveries of Pb are summarized in Table 3 . The determined value for Pb in this work (25.4 ± 4.1 μg kg -1 ) was similar to the certified value (27.89 ± 0.14 μg kg -1 ) and our crosschecking value (27.9 ± 2.7 μg kg -1 ) measured by ICP-MS. The recoveries obtained with the IDA-CP electrode and ICP-MS were 91.4 and 100.1%, respectively. The slightly low determined value in this work was attributed to the interfering effects of dissolving Al and Zn in an analytical solution, which contained ca. 20 and 10 μg kg -1 of them, respectively. However, the determined value obtained with the IDA-CP electrode had a large RSD, which was over 15%. Most of the deviation might occur at the point of preparing the IDA-CP electrode, rather than of the multielement masking, because the deviation of the Pb recovery of the multielement masking was less than 5%, as can be seen in Table 1 .
Conclusion
Although the Pb current response at an IDA-CP electrode was significantly affected by interfering ions, such as transient elements, the interference could be solved by the multielement masking using the Mg hydroxide coprecipitation method. In multielement masking, Pb at a trace concentration level of μg kg -1 could be recovered from the sample solution, and more than 90% of the removal efficiencies of interfering ions, except for Al and Zn, could be achieved. In future work, this multielement masking will be applied to the on-line technique, since masking of the interfering ions is rapidly achieved. When the method was applied to the determination of Pb in a natural water standard reference material, the result obtained with the IDA-CP electrode almost agreed with the certified value. This method would be useful for the first screening analysis of its concentration in water samples. Since we are less satisfied with the reproducibilities of the analytical results in the analysis using IDA-CP electrodes, techniques for preparing uniform modified electrodes need to be established. Simplifying of this method has also been unsatisfactory because of the relatively long time for accumulation and renewing the electrode. Our next step for the rapid accumulation of analyte ions will be to investigate a method for accelerating the complexation of metal ions to the chelating functional group.
